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(57) ABSTRACT

A haptic feedback device includes: a determination unit
which calculates, as a path length, a length along which a user
touches the touch panel; a display control unit which converts
the path length into a rotation angle of a manipulation image,
and display the rotated manipulation image on a display unit;
and a vibration control unit which drives a vibration unit
according to a drive waveform having a predetermined ampli-
tude and a predetermined frequency upon starting rotation of
the manipulation image, decreases the amplitude of the drive
waveform with an increase in the path length, and performs
control to cause the vibration unit to vibrate according to the
drive waveform the amplitude of which is decreased to zero in
a predetermined time after the rotation of the manipulation
image stops.
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FIG. 2
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FIG. 3
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FIG. 5
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FIG. 6
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FIG. 7
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FIG. 8
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HAPTIC FEEDBACK DEVICE, METHOD FOR
DRIVING HAPTIC FEEDBACK DEVICE, AND
DRIVE PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to a technique of
informing, by haptic feedback, a user of a manipulation state
when the user manipulates a virtual object displayed on a
touch panel display with his/her finger or a pen, and in par-
ticular to a haptic feedback device and a haptic feedback
method for informing, by haptic feedback, a user of a manipu-
lation state when the user performs a manipulation of rotating
a virtual object.

BACKGROUND ART

[0002] Inrecent years, touch panels have been widely used
as manipulation interfaces of smart phones, tablet terminals,
personal computers, game machines, and others. Such a
device detects, as a touch position, a position on the touch
panel at which a user makes a touch, and allows the user to
manipulate a virtual object such as a graphical user interface
(GUI) displayed at the touch position. In general, touch pan-
els, unlike mechanical switches, do not provide a user with a
sense of touch when the user manipulates a virtual object (a
manipulation sensation through haptic feedback), and thus a
haptic feedback device is disclosed which allows a user to
certainly recognize the state of a virtual object or a manipu-
lation state by vibrating the touch panel when the user
manipulates the virtual object.

CITATION LIST

Patent Literature

[0003] [PTL 1] Japanese Patent No. 4473078
[0004] [PTL 2] Japanese Unexamined Patent Application
Publication No. 2011-159110

[0005] [PTL 3] Japanese Patent No. 4763695
SUMMARY OF INVENTION
Technical Problem
[0006] However, a problem is that the above devices cannot

appropriately convey to a user, by providing the user with a
manipulation sensation through haptic feedback, a manipu-
lation state when the user performs a touch manipulationon a
three-dimensional virtual object.

[0007] The present invention has been conceived in view of
the above conventional problems, and an object thereof is to
provide a haptic feedback device and a haptic feedback
method which can provide a user with a manipulation sensa-
tion by haptic feedback to convey a state of a three-dimen-
sional model of a manipulation image being rotated when the
user performs a manipulation of rotating the manipulation
image displayed on the display unit, by making a touch along
a touch panel.

Solution to Problem

[0008] Inorderto solve the above conventional problems, a
haptic feedback device according to an aspect of the present
invention is a haptic feedback device for informing, when a
user performs a touch manipulation on a three-dimensional
model of a manipulation image displayed on a display unit,
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the user of a manipulation state of the touch manipulation, the
haptic feedback device including: a touch panel which
receives a touch manipulation performed by the user at a
corresponding position on a display surface of the display
unit, and detects, as a touch position, the corresponding posi-
tion at which the touch manipulation is received; a vibration
unit configured to vibrate the touch panel; the display unit; a
first storage unit configured to store display data indicating
the manipulation image; a determination unit configured to (i)
obtain a plurality of the touch positions detected by the touch
panel at different times, and (ii) determine the manipulation
state, based on the plurality of obtained touch positions; a
display control unit configured (i) to display the manipulation
image on the display unit, and (ii) to make or not to make a
change for rotating the manipulation image displayed on the
display unit, depending on the manipulation state determined
by the determination unit; and a vibration control unit con-
figured to cause the vibration unit to vibrate based on the
manipulation state determined by the determination unit,
wherein the determination unit is configured to (i) determine
that the manipulation state of a touch manipulation is a first
manipulation state when a touch position detected by the
touch panel during the touch manipulation on the manipula-
tion image shifts within an area of the display unit in which
the manipulation image is displayed, and (ii) determine that
the manipulation state of a touch manipulation is a second
manipulation state when a touch position detected by the
touch panel during the touch manipulation on the manipula-
tion image shifts out of the area of the display unit in which
the manipulation image is displayed, when the determination
unit determines that the manipulation state is the first manipu-
lation state, the vibration control unit is configured to
decrease an amplitude of a first drive waveform for vibrating
the vibration unit with an increase in a length of a shift of the
touch position, which corresponds to the change from a start
to a stop, and perform control to cause the vibration unit to
vibrate according to the first drive waveform the amplitude of
which is decreased to zero in a predetermined time after the
change stops, and when the determination unit determines
that the manipulation state is the second manipulation state,
the vibration control unit is configured to cause the vibration
unit to vibrate according to a second drive waveform after the
touch position has shifted out of the area in which the manipu-
lation image is displayed, and when the determination unit
determines that the manipulation state is the first manipula-
tion state, the display control unit is configured to make the
change to the manipulation image displayed on the display
unit, based on a difference between two of the plurality of
touch positions, and when the determination unit determines
that the manipulation state is the second manipulation state,
the display control unit is configured to make the change to
the manipulation image displayed on the display unit, based
on a velocity calculated from the plurality of touch positions
obtained along the shift from inside to outside of the area in
which the manipulation image is displayed.

[0009] It should be noted that these general and specific
aspects may be implemented using a system, a method, an
integrated circuit, a computer program, a computer-readable
recording medium such as a CD-ROM, or any combination of
systems, methods, integrated circuits, computer programs
and recording media.

Advantageous Effects of Invention

[0010] A haptic feedback device and a haptic feedback
method according to the present invention can convey a
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manipulation sensation to a user when the user performs a
manipulation of rotating a manipulation image (for example,
a GUI represented as a sphere) displayed on a display unit, by
making a touch along a touch panel.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a configuration diagram of a haptic feed-
back device according to Embodiment 1 of the present inven-
tion.

[0012] FIG. 2 illustrates a method for controlling the dis-
play of a virtual trackball according to Embodiment 1 of the
present invention.

[0013] FIG. 3 is a flowchart which illustrates operation of
the haptic feedback device according to Embodiment 1 of the
present invention.

[0014] FIG. 4 illustrates an operational relationship
between a manipulation state determination unit, a vibration
control unit, and a display control unit according to Embodi-
ment 1 of the present invention.

[0015] FIG. 5 illustrates an example of a drive waveform
when a user manipulates the virtual trackball with his/her
finger touching the trackball.

[0016] FIG. 6 illustrates another example of a drive wave-
form when the user manipulates the virtual trackball with
his/her finger touching the trackball.

[0017] FIG. 7 illustrates an example of a drive waveform
when the user stops making a path touching manipulation.
[0018] FIG. 8 illustrates an example of a drive waveform
when the user performs a manipulation to let the virtual
trackball keep rotating.

DESCRIPTION OF EMBODIMENTS

(Underlying Knowledge Forming Basis of the Present
Invention)

[0019] The inventors of the present invention have found
that a haptic feedback device described in the “Background
Art” section has the following problems.

[0020] PTL 1 discloses that a user is provided with a click
sensation through the vibration of a touch panel according to
a waveform indicating a temporal change in a key pressing
force, for the purpose of conveying a manipulation state to the
user when the user presses a key of a keyboard.

[0021] PTL 2 discloses a technique of allowing a user to
sense a change in mass or viscosity by changing the amplitude
of vibration in proportion to the acceleration or velocity of a
virtual object when the user manipulates the virtual object, for
the purpose of conveying the state of the virtual object to the
user when the user performs a drag manipulation on the
virtual object.

[0022] PTL 3 discloses that for the purpose of conveying
the amount of manipulating a virtual knob for setting volume
or the like or a virtual scroll wheel for handling a list or the
like, atouch panel is vibrated each time a rotation gesture, that
is, moving a finger to draw a circle on the touch panel, causes
rotation of the knob or wheel by a unit amount (for example,
every five degrees).

[0023] PTLs 1 to 3 disclose feedback methods for convey-
ing, to a user, a state of manipulating a two-dimensional GUI
by haptic feedback, such as a click sensation when the user
presses a virtual key, a change in mass or viscosity when the
user drags an icon, vibration notification for a unit amount of
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rotation when the user manipulates a virtual scroll wheel,
based on rotation gesture recognition on a flat surface of a
touch panel, and the like.

[0024] These conventional techniques, however, are not
achieved taking into consideration conveying a manipulation
sensation by haptic feedback in response to a manipulation of
rotating a three-dimensional virtual object. Specifically, such
conventional techniques have problems that even if a track-
ball function of moving a cursor or the like by rotating a
sphere with a finger of a user is to be virtually achieved as a
GUI that can be manipulated using a touch panel, a manipu-
lation sensation for conveying, to the user, a state of rotating
the virtual sphere displayed on the display cannot be provided
to the user by haptic feedback.

[0025] Inorder to solve such a problem, a haptic feedback
device according to an aspect of the present invention is a
haptic feedback device for informing, when a user performs a
touch manipulation on a three-dimensional model of a
manipulation image displayed on a display unit, the user of a
manipulation state of the touch manipulation, the haptic feed-
back device including: a touch panel which receives a touch
manipulation performed by the user at a corresponding posi-
tion on a display surface of the display unit, and detects, as a
touch position, the corresponding position at which the touch
manipulation is received; a vibration unit configured to
vibrate the touch panel; the display unit; a determination unit
configured to calculate a path length along which the user
touches the touch panel, based on a plurality of the touch
positions detected by the touch panel; a display control unit
configured to (i) display the manipulation image on the dis-
play unit, and (ii) convert the path length into a rotation angle
at which the manipulation image is to be rotated about a
predetermined reference point, and display, on the display
unit, the manipulation image rotated by the rotation angle
converted from the path length; and a vibration control unit
configured to (i) drive, upon starting rotation of the manipu-
lation image, the vibration unit according to a drive waveform
having a predetermined amplitude and a predetermined fre-
quency, (ii) decrease the amplitude of the drive waveform
with an increase in the path length, and (iii) perform control to
cause the vibration unit to vibrate according to the drive
waveform the amplitude of which is decreased to zero in a
predetermined time after the rotation of the manipulation
image stops.

[0026] This configuration can provide the user with a
manipulation sensation by haptic feedback when the user
performs a manipulation of rotating the three-dimensional
virtual object.

[0027] Furthermore, a haptic feedback device according to
an aspect of the present invention is a haptic feedback device
for informing, when a user performs a touch manipulation on
a three-dimensional model of a manipulation image dis-
played on a display unit, the user of a manipulation state of the
touch manipulation, the haptic feedback device including: a
touch panel which receives a touch manipulation performed
by the user at a corresponding position on a display surface of
the display unit, and detects, as a touch position, the corre-
sponding position at which the touch manipulation is
received; a vibration unit configured to vibrate the touch
panel; the display unit; a first storage unit configured to store
display data indicating the manipulation image; a determina-
tion unit configured to (i) obtain a plurality of the touch
positions detected by the touch panel at different times, and
(ii) determine the manipulation state, based on the plurality of
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obtained touch positions; a display control unit configured (i)
to display the manipulation image on the display unit, and (ii)
to make or not to make a change for rotating the manipulation
image displayed on the display unit, depending on the
manipulation state determined by the determination unit; and
a vibration control unit configured to cause the vibration unit
to vibrate based on the manipulation state determined by the
determination unit, wherein the determination unit is config-
ured to (i) determine that the manipulation state of a touch
manipulation is a first manipulation state when a touch posi-
tion detected by the touch panel during the touch manipula-
tion on the manipulation image shifts within an area of the
display unit in which the manipulation image is displayed,
and (ii) determine that the manipulation state of a touch
manipulation is a second manipulation state when a touch
position detected by the touch panel during the touch manipu-
lation on the manipulation image shifts out of the area of the
display unit in which the manipulation image is displayed,
when the determination unit determines that the manipulation
state is the first manipulation state, the vibration control unit
is configured to decrease an amplitude of a first drive wave-
form for vibrating the vibration unit with an increase in a
length of a shift of the touch position, which corresponds to
the change from a start to a stop, and perform control to cause
the vibration unit to vibrate according to the first drive wave-
form the amplitude of which is decreased to zero in a prede-
termined time after the change stops, and when the determi-
nation unit determines that the manipulation state is the
second manipulation state, the vibration control unit is con-
figured to cause the vibration unit to vibrate according to a
second drive waveform after the touch position has shifted out
of'the area in which the manipulation image is displayed, and
when the determination unit determines that the manipulation
state is the first manipulation state, the display control unit is
configured to make the change to the manipulation image
displayed on the display unit, based on a difference between
two of the plurality of touch positions, and when the deter-
mination unit determines that the manipulation state is the
second manipulation state, the display control unit is config-
ured to make the change to the manipulation image displayed
on the display unit, based on a velocity calculated from the
plurality of touch positions obtained along the shift from
inside to outside of the area in which the manipulation image
is displayed.

[0028] When auser performs a manipulation of rotating, as
avirtual trackball, a GUI represented as a sphere displayed on
the display unit by making a touch along the touch panel, this
configuration allows making a determination as to whether
the state is a manipulation state in which the virtual trackball
is being rotated with the user’s finger thereon or a manipula-
tion state in which the user moves his/her finger off the virtual
trackball to let the trackball keep rotating when the trackball
is being rotated, and conveying a manipulation sensation to
the user by haptic feedback.

[0029] Furthermore, a haptic feedback device according to
an aspect of the present invention is a haptic feedback device
for informing, when a user performs a touch manipulation on
a three-dimensional model of a manipulation image dis-
played on a display unit, the user of a manipulation state of the
touch manipulation, the haptic feedback device including: a
touch panel which receives a touch manipulation performed
by the user at a corresponding position on a display surface of
the display unit, and detects, as a touch position, the corre-
sponding position at which the touch manipulation is
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received; a vibration unit configured to vibrate the touch
panel; the display unit; a determination unit configured to (i)
determine that the manipulation state of a touch manipulation
is a first manipulation state when a touch position detected by
the touch panel during the touch manipulation on the manipu-
lation image shifts within an area of the display unit in which
the manipulation image is displayed, and (ii) determine that
the manipulation state of a touch manipulation is a second
manipulation state when a touch position detected by the
touch panel during the touch manipulation on the manipula-
tion image shifts out of the area of the display unit in which
the manipulation image is displayed; a display control unit
configured to (i) display the manipulation image to be
manipulated by the touch manipulation, on part of the display
unit, and (ii) rotate the manipulation image, based on a length
between two of a plurality of the touch positions and a direc-
tion defined by the two touch positions, and display the
rotated manipulation image; and a vibration control unit con-
figured to control vibration of the vibration unit to vibrate the
touch panel according to drive waveforms having different
amplitudes and different frequencies, according to the first
manipulation state and the second manipulation state.

[0030] For example, when the determination unit deter-
mines that the manipulation state is the first manipulation
state, the vibration control unit may be configured to decrease
an amplitude of a first drive waveform for vibrating the vibra-
tion unit with an increase in a length of a shift in the touch
position detected during the touch manipulation the manipu-
lation state of which is determined to be the first manipulation
state, and perform control to cause the vibration unit to
vibrate according to the first drive waveform the amplitude of
which is decreased to zero at a position where the touch
manipulation ends, and when the determination unit deter-
mines that the manipulation state is the second manipulation
state, the vibration control unit may be configured to cause the
vibration unit to vibrate according to a second drive wave-
form after the touch position has shifted out of the area in
which the manipulation image is displayed, and when the
determination unit determines that the manipulation state is
the first manipulation state, the display control unit may be
configured to make the change to the manipulation image
displayed on the display unit, based on a difference between
two of the plurality of touch positions, and when the deter-
mination unit determines that the manipulation state is the
second manipulation state, the display control unit may be
configured to make the change to the manipulation image
displayed on the display unit, based on a velocity calculated
from the plurality of touch positions obtained along the shift
from inside to outside of the area in which the manipulation
image is displayed.

[0031] Furthermore, a haptic feedback device according to
an aspect of the present invention is a haptic feedback device
for informing, when a user performs a touch manipulation on
a three-dimensional model of a manipulation image dis-
played on a display unit, the user of a manipulation state of the
touch manipulation, the haptic feedback device including: a
touch panel which receives a touch manipulation performed
by the user at a corresponding position on a display surface of
the display unit, and detects, as a touch position, the corre-
sponding position at which the touch manipulation is
received; the display unit; a display control unit configured to
(1) display the manipulation image on the display unit, and (ii)
display the manipulation image rotated based on a length
between two of a plurality of the touch positions detected by
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the touch panel and a direction defined by the two touch
positions; a vibration unit configured to vibrate the touch
panel; a determination unit configured to calculate a path
length along which the user touches the touch-panel, based on
chronological information of the plurality of touch positions;
and a vibration control unit configured to (i) drive the vibra-
tion unit according to a drive waveform having a predeter-
mined amplitude and a predetermined frequency at a touch
start point in the touch manipulation on the manipulation
image, (i1) decrease the amplitude of the drive waveform with
an increase in the path length, and (iii) perform control to
cause the vibration unit to vibrate according to the drive
waveform the amplitude of which is decreased to zero when
a predetermined time elapses after the user touches a touch
end point of the plurality of touch positions at which the touch
manipulation is performed on the manipulation image.
[0032] Furthermore, a haptic feedback device according to
an aspect of the present invention is a haptic feedback device
for informing, when a user performs a touch manipulation on
a three-dimensional model of a manipulation image dis-
played on a display unit, the user of a manipulation state of the
touch manipulation, the haptic feedback device including: a
touch panel which receives a touch manipulation performed
by the user at a corresponding position on a display surface of
the display unit, and detects, as a touch position, the corre-
sponding position at which the touch manipulation is
received; the display unit; a display control unit configured to
(1) display the manipulation image on the display unit, and (ii)
display the manipulation image rotated based on a length
between two of a plurality of the touch positions and a direc-
tion defined by the two touch positions; a vibration unit con-
figured to vibrate the touch panel; a determination unit con-
figured to calculate a path length along which the user touches
the touch-panel, based on chronological information of the
plurality of touch positions; and a vibration control unit con-
figured to perform vibration control to repeatedly drive the
vibration unit according to a drive waveform having a prede-
termined amplitude and a predetermined frequency and stop
driving the vibration unit, from when the user starts the touch
manipulation on the manipulation image at a touch start point
through when the user ends the touch manipulation at a touch
end point.

[0033] It should be noted that these general and specific
aspects may be implemented using a system, a method, an
integrated circuit, a computer program, a computer-readable
recording medium such as a CD-ROM, or any combination of
systems, methods, integrated circuits, computer programs,
and recording media.

[0034] The following is a description of embodiments of
the present invention, with reference to drawings.

Embodiment 1

[0035] A haptic feedback device according to Embodiment
1 informs, by providing a manipulation sensation through
haptic feedback, a user of a manipulation state when the user
performs a manipulation of rotating a spherical manipulation
image (virtual trackball) serving as a GUI. In other words,
when a user performs a touch manipulation on a manipulation
image displayed on the display unit as a target for a touch
manipulation, the haptic feedback device informs the user of
a manipulation state of the touch manipulation.

[0036] There are mainly two types of manipulations for
manipulating an actual trackball, namely, a first manipulation
for moving a cursor or the like by the amount of the ball being
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rotated while a finger keeps touching the ball and a second
manipulation for continuously moving a cursor or the like
while the ball continues rotating by a user rotating the ball
vigorously and then moving his/her finger off the ball. The
haptic feedback device according to Embodiment 1 informs,
by providing a manipulation sensation through haptic feed-
back, the user of the states of the first manipulation and the
second manipulation when the user manipulates the virtual
trackball.

[0037] FIG. 1 illustrates a configuration of a haptic feed-
back device according to an embodiment of the present inven-
tion.

[0038] A haptic feedback device 100 according to the
present embodiment includes a touch panel 101, a vibration
unit 102, a display unit 103, a first storage unit 104, a deter-
mination unit 105, a display control unit 106, and a vibration
control unit 107.

[0039] The touch panel 101 receives a touch manipulation
performed by auser’s finger 1 at a corresponding position on
a display surface of the display unit 103, and detects, as a
touch position 2, the corresponding position at which the
touch manipulation is received. Examples to be used as the
touch panel 101 include an electrical capacitance touch panel,
a resistance film touch panel, and the like.

[0040] The vibration unit 102 conveys haptic feedback to
the finger 1 of the user by vibrating the touch panel 101. The
vibration unit 102 is fixed to the touch panel 101 with, for
example, an adhesive or the like. Examples to be used as the
vibration unit 102 include a piezoelectric element, a vibrating
motor, a voice coil, an artificial muscle, and the like.

[0041] Examples of the display units 103 include a liquid
crystal display, an organic EL display, and the like, which
display images outputted by the display control unit 106
described below.

[0042] Regarding the positional relationship between the
touch panel 101, the vibration unit 102, and the display unit
103 of the haptic feedback device 100 according to Embodi-
ment 1, the touch panel 101 is disposed on the display surface
of'the display unit 103, and the vibration unit 102 is disposed
on the periphery of the touch panel so as not to block the
display of the display unit 103. However, the configuration is
not limited to the above, and it is conceivable that the touch
panel 101 and the display unit 103 are disposed at different
position. For example, a configuration may be adopted in
which a television serves as the display unit 103, the touch
panel 101 is provided on a TV remote control, and a cursor is
displayed on the television to show the detection result of a
touch position.

[0043] The first storage unit 104 has stored therein display
data indicating a manipulation image 3. If the manipulation
image 3 is representing a sphere, the first storage unit 104 has
preferably stored therein a three dimensional model of a
sphere and texture information 4 to be mapped on the surface
of'the three dimensional model, as the display data indicating
the stored manipulation image 3. If a user performs a touch
manipulation of rotating the manipulation image 3, the dis-
play control unit 106 described below can change how light
appears which is created using computer graphics on the
manipulation image 3, by displaying the manipulation image
3 on the display unit 103 using the texture information 4. This
allows the user to recognize that the manipulation image 3
displayed on the display unit 103 is rotating by the touch
manipulation performed by the user.



US 2014/0078102 Al

[0044] The texture information 4 to be mapped on the sur-
face of the sphere is a bitmapped image which has 8-bit RGB
values, for example. If the image of the earth observed from
the universe is stored as a bitmapped image in the first storage
unit 104, the display control unit 106 can display a virtual
globe as a GUI like a virtual trackball. Furthermore, as a
display data, the direction in which a virtual trackball 3a
rotates may be limited, and the first storage unit may store
therein plural two-dimensional images to be projected on the
display unit 103 when the three dimensional object model of
the sphere is rotated by given predetermined angles each time,
and the display control unit 106 may change the plural images
stored in the first storage unit so as to display one of the
images according to a shift of the touch position 2.

[0045] The determination unit 105 obtains touch positions
detected by the touch panel 101 at plural different times. The
determination unit 105 determines a manipulation state based
onthe obtained plural touch positions. The determination unit
105 determines whether the manipulation state at the time of
rotating the manipulation image 3 is the first manipulation
state or the second manipulation state, using a path, along
which the user touches the touch panel 101, obtained from the
plural touch positions 2 detected by the touch panel 101.
Specifically, when a touch position detected by the touch
panel 101 during a touch manipulation on the manipulation
image 3 shifts within the area of the display unit 103 in which
the manipulation image 3 is displayed (or in other words,
when all the touch positions 2 are included in the area), the
determination unit 105 determines that the manipulation state
of that touch manipulation is the first manipulation state.
Furthermore, a touch position detected by the touch panel 101
during a touch manipulation on the manipulation image 3
shifts out of the area of the display unit 103 in which the
manipulation image 3 is displayed, the determination unit 105
determines that the manipulation state of the touch manipu-
lation is the second manipulation state.

[0046] Specifically, the determination unit 105 obtains
touch positions P, (x,, y,) at plural different times, or in other
words, obtains a touch position P, (x,, y,) whenever a prede-
termined sampling time At elapses, and stores the obtained
touch positions P, (x,, y,) (at the plural times) into the second
storage unit store in chronological order. The determination
unit 105 determines the manipulation state according to
whether the touch positions 2 at plural different positions are
included in the area where the manipulation image 3 is dis-
played, by referring to area information of the manipulation
image 3 on the touch panel 101 obtained from the first storage
unit 104 and the touch positions 2 obtained from the second
storage unit. Specifically, ifall the plural touch positions 2 are
included in the area where the manipulation image 3 is dis-
played, the determination unit 105 determines that the
manipulation state of the touch manipulation during which
the plural touch positions 2 are detected is the first manipu-
lation state. Further, the determination unit determines that
the manipulation state is the second manipulation state if the
plural touch positions are distributed both inside and outside
the area where the manipulation image 3 is displayed. Fur-
thermore, the determination unit 105 may determine that the
manipulation state is an undetected state in which no touch
position 2 is detected.

[0047] It should be noted that if plural touch positions are
not detected, the determination unit 105 does not need to
determine the manipulation state of the touch manipulation.
Such a case of not determining a manipulation state is not
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limited to when plural touch positions are located at exactly
the same position, and may be when plural touch positions are
included in a predetermined area (an area much smaller than
the area where the manipulation image 3 is displayed).

[0048] The display control unit 106 displays the manipula-
tion image 3 (virtual trackball) on the display unit 103. Fur-
ther, the display control unit 106 makes or does not make a
change to rotate the manipulation image being displayed on
the display unit, depending on the manipulation state deter-
mined by the determination unit 105. Further, the display
control unit 106 rotates the manipulation image, based on the
length between two of plural touch positions detected by the
touch panel and the direction defined thereby, and displays
the resultant image on the display unit 103. Specifically, the
display control unit 106 converts a path length into a rotation
angle at which the manipulation image 3 is rotated about a
predetermined reference point, and displays the manipulation
image 3 rotated by the rotation angle converted from the path
length, on the display unit 103.

[0049] Specifically, if the determination unit 105 deter-
mines that the manipulation state is the first manipulation
state, the display control unit 106 makes a change to the
manipulation image 3 displayed on the display unit 103,
based on the difference between two of the touch positions 2.
If the determination unit 105 determines that the manipula-
tion state is the second manipulation state, the display control
unit 106 makes a change to the manipulation image 3 dis-
played on the display unit 103, based on the velocity calcu-
lated from plural touch positions obtained along the shift
from inside to outside of the area where the manipulation
image 3 is displayed.

[0050] The display control unit 106 makes a change to the
manipulation image 3 displayed on the display unit 103 by
rotating the manipulation image 3 about a rotation axis 6 by a
rotation angle 7 (A8) calculated from the difference between
two touch positions. It should be noted that the rotation axis 6
is a straight line passing through a sphere center 5 and
orthogonal to a plane which includes three points, namely,
two consecutive touch positions 2 and the sphere center 5.

[0051] To facilitate a description, a three-dimensional coor-
dinate system (X, y, z) as illustrated in FIG. 1 is used, where
the z axis is perpendicular to the sheet of paper, the viewer
side is a positive side, and the display unit 103 is on an Xy
plane (z=0). In this case, as another way to make a change to
the manipulation image 3 displayed on the display unit 103,
as the rotation axis 6, a straight line may be adopted which
passes through the sphere center 5 and is perpendicular to a
plane which includes two consecutive touch positions 2, is
perpendicular to the xy plane, and crosses the manipulation
image 3 (sphere).

[0052] It should be noted that the display control unit 106
does not make a change to the manipulation image 3 dis-
played on the display unit 103 when the user performs no
touch manipulation or when a touch position does not shift.

[0053] The vibration control unit 107 causes the vibration
unit 102 to vibrate, based on the manipulation state deter-
mined by the determinationunit 105. If the determination unit
105 determines that the manipulation state is the first manipu-
lation state, the vibration control unit 107 decreases the
amplitude of a first drive waveform for vibrating the vibration
unit 102 with an increase in the length of shift of the touch
position 2, which corresponds to the change from a start to a
stop. The vibration control unit 107 controls the vibration unit



US 2014/0078102 Al

102 such that the amplitude of the drive waveform is
decreased to zero in a predetermined time after the change
stops.

[0054] It should be noted that in the present embodiment,
the manipulation image 3 starts rotating at a touch position at
which the user starts making a touch manipulation (touch
start point (in time)), and the manipulation image 3 stops
rotating at a touch position (touch end point (in time)) at
which the touch manipulation ends. Further, the vibration
control unit 107 causes the vibration unit 102 to vibrate
according to a second drive waveform after the touch position
2 shifts out of the area where the manipulation image 3 is
displayed, if the determination unit 105 determines that the
manipulation state is the second manipulation state. In this
way, the vibration control unit 107 controls vibration of the
vibration unit 102 according to drive waveforms having dif-
ferent amplitudes and frequencies to vibrate the touch panel
101, according to the first manipulation state and the second
manipulation state, thereby informing the user whether the
manipulation state at that time is the first manipulation state or
the second manipulation state.

[0055] As the drive waveform of the vibration unit 102, for
example, a modulated wave which is a carrier wave obtained
by modulating a sine wave is used, and a frequency of the
carrier wave preferably ranges from 50 Hz to 500 Hz at which
the user can feel a sensation.

[0056] A description is given of the operation of the haptic
feedback device 100 according to Embodiment 1, based on
FIGS. 2 to 7. Here, a description of the operation in Embodi-
ment 1 is given using an example in which a manipulation of
rotating the spherical manipulation image 3 as illustrated in
FIG. 2 (hereinafter, referred to as the virtual trackball 3a) is
performed.

[0057] To facilitate a description, a three-dimensional coor-
dinate system (X, y, z) as illustrated in FIG. 2 is used, where
the z axis is perpendicular to the sheet of paper, the viewer
side is a positive side, and the display surface of the display
unit 103 is on the xy plane (z=0). It should be noted that the
display surface of the display unit 103 and the surface of the
touch panel 101 are the same surface. Points on the xy plane
are denoted by (X, y) coordinates. In FIG. 2, a three dimen-
sional object model of the sphere can be represented by
Expression 1, assuming that r denotes the radius of the sphere,
and (x%, y°°, z°°) represents the sphere center 5.

[Math 1]
(- P P (a-2 =

[0058] Assume a case where as illustrated in FIG. 2, the
user makes a touch with his/her finger 1 along the touch panel
in an area in which the virtual trackball 3a represented by
Expression 1 is displayed on the display unit 103, to perform
a manipulation of rotating the virtual trackball 3a (hereinat-
ter, referred to as “path touching manipulation™).

[0059] Here, a description is given using an example in
which the shift of the touch position 2 on the xy plane caused
by a path touching manipulation is converted into the rotation
angle of the spherical three-dimensional model represented
by Expression 1, to rotate the virtual trackball 3a.

[0060] Specifically, the rotation axis 6 is a straight line
passing through the sphere center 5 and perpendicular to a
rotational plane 8 which includes two touch positions 2,
namely, a touch position P, (x,, y,) obtained at time t and a
touch position P,_, (x,_;, y, ;) obtained at time (t-At) and at
which a plane perpendicular to the xy plane crosses the

Expression 1
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manipulation image 3. The virtual trackball 3a is rotated
about the rotation axis 6 by the rotation angle 7 (A6=6,-6,_,)
based on the difference between two of the touch positions 2.
It should be noted that the angle 0, is an angle formed by a
straight line passing through the sphere center 5 and the touch
position P, (x,, y,) obtained at time t and a straight line (ref-
erence line) perpendicular to the rotation axis 6 and passing
through the sphere center. Further, the angle 6,_, is an angle
formed by the reference line and a straight line passing
through the sphere center 5 and the touch position P, ; y, )
obtained at time (t-At).

[0061] Although the example in FIG. 2 illustrates the case
where the user touches along the diameter of the virtual
trackball 3a, and the radius of the rotational plane 8 is equal to
the sphere radius, the user can rotate the virtual trackball 3a in
anarbitrary direction in which the user performs a path touch-
ing manipulation within the area where the virtual trackball
3a is displayed, similarly.

[0062] FIG. 3 is a flowchart illustrating operation of a
manipulation sensation providing device according to the
embodiment of the present invention, and a detailed descrip-
tion is given of the operation of the haptic feedback device
according to Embodiment 1, based on this flowchart.

(Step S301: Display Manipulation Image)

[0063] The display control unit 106 displays the virtual
trackball 3a on the display unit 103 as a manipulation image,
by referring to display data stored in the first storage unit 104.
The virtual trackball 3¢ may be displayed at a predetermined
position on a GUI of'an application to be operated. The virtual
trackball 3¢ may be displayed on a GUI of an application to be
operated at a position on the touch panel 101 at which the
finger 1 keeps touching for a predetermined time period or a
position on the touch panel 101 at which two or more fingers
1 keep touching. Alternatively, the virtual trackball 3a may
not be displayed when there is no manipulation for a prede-
termined period.

(Step S302: Obtain Touch Information)

[0064] The determination unit 105 detects, using the touch
panel 101, the touch position 2 at which the user makes a
touch with his/her finger 1, and determines the manipulation
state of the touch manipulation performed by the user. The
touch position 2 is detected every time a predetermined sam-
pling time At such as, for example, 20 ms elapses, and P, (x,,
y,) which represents each touch position 2 is stored chrono-
logically as a parameter for determining the manipulation
state of the user. For example, a path touching velocity v, of
the finger 1 at time t can be obtained by using Expression 2,
with the use of the touch position P, (x,, y,) obtained at time t
and the touch position P,_; (x,_;,y,_,) obtained at time (t—At).

[Math 2]

o= Xp = X1 Expression 2
A

_— Ve = V-1

YT Ar

[vel = \J V2 +2

[0065] Here, v, is a velocity component in the x-axis direc-
tion at time t, whereas v,, is a velocity component in the y-axis
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direction at time t. Further, Iv,| expresses the magnitude of the
path touching velocity. Furthermore, a path length d, is
obtained by using Expression 3, which indicates a path length
along which the user touches the touch panel 101 with his/her
finger 1 from a time at which the user starts making a touch
along the touch panel 101 (t=0, path start position P, (X, y,))
to time t (touch position P, (X,, y,)). When the finger 1 stops
and hardly moves, the path start position P, (X,, v,) is
replaced with P, (x,, y,) so as to be initialized. Here, “when the
finger 1 stops and hardly moves” means that the touch posi-
tion P, (x,, y,) obtained at time t is the same as the touch
position (X, ;, y,_ ;) obtained at time (t-At), or a length
between P, (x,,y,) and P, ; (X, ;,y, ;) is shorter than a pre-
determined length.

[Math 3]

Expression 3

d; = 2 \/(xr —x )+ e = yH)z

t=1

[0066] In step S302 as described above, plural touch posi-
tions P, (X, y,) chronologically obtained, a path touching
velocity v,, and a path length d, calculated from the plural
touch positions P, (x,, y,) are obtained, as touch information.

(Step S303: Determine Whether Manipulation of
Manipulation Image has Started)
[0067] The determination unit 105 determines whether a

touch position P, obtained at time t (x,, y,) is in the area where
the virtual trackball 3a is displayed on the display surface of
the display unit 103 which is the xy plane. The area where the
virtual trackball 3« is displayed on the xy plane is represented
by Expression 4 below. Therefore, the determination unit 105
determines that a touch position P, (x,, y,) obtained at time t
which is distant from the sphere center 5 (x,_, y,.) on the xy
plane by the radius r of the sphere or shorter, or in other words,
atouch position P, (x,, y,) which satisfies Expressions 5 below
is in the area where the virtual trackball 3« is displayed.

[Math 4]

(5P -y P

Expression 4
[Math 5]
(xt_fc)z"'()/t_)fc)zsrz

[0068] Ifthe determination unit 105 determines that a touch
position P, (x,, y,) is in the area where the virtual trackball 3a
is displayed, that touch position is stored as a path start
position P, (X, ¥,). When the touch position 2 at which the
user performs a touch manipulation is no longer detected by
the touch panel 101, the path start position P, (x,, y,) 1is
abandoned. When a touch manipulation performed by the
user is again detected by the touch panel 101 and furthermore,
the touch position 2 is in the area where the virtual trackball
3a is displayed, the determination unit 105 newly stores the
touch position of the touch manipulation detected again, as a
path start position P, (X, ¥o)-

[0069] Specifically, here, if the determination unit 105
determines that a touch position is in the area where the
virtual trackball 3a is displayed, the determination unit 105
determines that the user starts manipulating the virtual track-
ball 3¢ which is a manipulation image.

Expression 5
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[0070] When the determination unit 105 determines that
the touch position P, (x,, y,) is not in the area where the virtual
trackball 3a is displayed, or in other words, when the touch
position P, (x,, y,) does not satisfy Expression 5, the process-
ing returns to step S302.

(Step S304: Determine Manipulation State)

[0071] The determination unit 105 determines the manipu-
lation state of a manipulation performed by the user, using a
combination of states of a touch position P, at time t (x,, y,)
and a touch position P, | (x,_;,y, ;) at time (t-At), the states
each indicating one of “inside the area” where the virtual
trackball 3a is displayed, “outside the area” where the virtual
trackball 3a is displayed”, and “not detected.”

[0072] The determination unit 105 refers to stored informa-
tion of touch positions obtained in step S302 to determine
that, as a determination of the manipulation state, a touch
position P, (x,, y,) that satisfies Expression 5 is “inside the
area” where the virtual trackball 3« is displayed, whereas the
touch position P, (x,, y,) that does not satisfy Expression 5 is
“outside the area” Furthermore, “not detected” indicates a
state where a touch manipulation performed by the user is not
detected by the touch panel 101 at time t. Specifically, the
determination unit 105 determines that the state is “not
detected” if a touch manipulation performed by the user is not
detected for a predetermined time.

[0073] FIG. 4 illustrates a relationship between the
manipulation state determined by the determination unit 105
and the operations of the vibration control unit 107 and the
display control unit 106.

[0074] The determination unit 105 determines which of
manipulation states [1] to [9] illustrated in FIG. 4 is the
manipulation state.

[0075] Manipulation state [1] is the first manipulation state
in which the touch position 2 shifts within an area of the
display unit 103 in which the virtual trackball 3a is displayed
when the user shifts the touch position 2 by making a touch
along the touch panel 101 with the finger 1 to rotate the virtual
trackball 3a, and both the touch positions P,_, (x, ;,y, ;) and
P, (%, vy, are “inside the area”” This manipulation state corre-
sponds to the first manipulation state in which, in the case of
an actual trackball, the user rotates the ball with his/her finger
on the ball.

[0076] Manipulation state [2] is the second manipulation
state in which the touch position 2 shifts out of the area where
the virtual trackball 34 is displayed, and a touch position P,_;
(X,_1,Y,_1)1s “inside the area”, whereas a touch position P, (x,,
y,) is “outside the area”. This manipulation state corresponds
to the second manipulation state in which, in the case of an
actual trackball, the user moves his/her finger 1 off the ball
when rotating the ball with the finger, to let the ball keep
rotating.

[0077] Manipulation state [3] is a manipulation state in
which a touch position P, | (X,_;, y,_,) is “inside the area”,
and a touch position P, (x,, y,) “is not detected”, and the user
moves his/her finger 1 off the touch panel 101 when rotating
the trackball with the finger 1. This manipulation state is a
state in which the user intentionally moves his/her finger 1 off
the touch panel 101 in order to maintain the manipulation
state of a manipulation on the virtual trackball 3a at time t—At,
or a state in which the user unintentionally moves his/her
finger 1 off the touch panel 101. Manipulation state [4] indi-
cates the case where a touch position P,_, (x,_;,y, ) is “out-
side the area”, and a touch position P, (x,, y,) is “inside the
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area”, and the user moves his/her finger 1 touching an area
other than the area where the virtual trackball 3a is displayed
into the area where the virtual trackball 3q is displayed. This
manipulation state is a state where the user starts manipulat-
ing the virtual trackball 3a.

[0078] Manipulation states [5], [6], [8], and [9] all indicate
the states in which the touch position 2 is not present in the
area where the virtual trackball 3a is displayed, and the virtual
trackball 3a is not manipulated. Manipulation state [7] indi-
cates the case where a touch position P, ; (X,_;, ¥, ;) is “not
detected”, and a touch position P, (x,, y,) is “inside the area.”
This manipulation state is a state where the finger 1 is off the
touch panel 101 at time t-At, and thereafter the area in which
the virtual trackball is displayed is directly touched at time t,
and a manipulation of starting a new manipulation on the
virtual trackball 3a in the state at time t, or stopping the
rotating virtual trackball 3a.

[0079] The determination unit 105 determines, from the
above, which of manipulation states [1] to [9] matches the
state.

(Step S305: Notify Manipulation State by Vibration)

[0080] The vibration control unit 107 controls vibration of
the vibration unit 102 according to the manipulation state
determined at step S304, which is illustrated in FIG. 4. If a
piezoelectric element attached to the touch panel 101 is used
as the vibration unit 102, the vibration control is to vibrate the
touch panel 101 by applying a voltage to the piezoelectric
element to cause the piezoelectric element to repeat expan-
sion and contraction so that the element is displaced. Thus,
the vibration control unit 107 controls a drive voltage applied
to the piezoelectric element, thereby controlling vibration of
the vibration unit 102, and vibrating the touch panel 101 at a
desired frequency and amplitude.

[0081] A description is given of the operation of the vibra-
tion control unit 107 when the state is determined to be
manipulation state [1] in step S304, using FIG. 5. Part (a) of
FIG. 5 illustrates an example in which the user rotates the
virtual trackball 3a by the user moving his/her finger 1 to pass
through the sphere center 5 (position C on the touch panel)
and making a touch along the diameter of the sphere for the
length thereof. The example shows the case where the user
moves his/her finger 1 to make a touch along a path by passing
through positions A, B C, D, and E in the state order. Position
A indicates a path start position P, (X, y,), and position E
indicates a path end position P, (x,, ¥,). Position B is a position
distant from position A by /2, and position D is a position
distant from position A by 3r/2. This path touching manipu-
lation is a manipulation of rotating the virtual trackball 3a 180
degrees while the finger 1 is touching the surface of the virtual
trackball 3a, without the finger 1 sliding over the virtual
trackball 3a, as illustrated in (b) of FIG. 5. An example of a
known structure of an actual trackball is to support a ball by a
support ball having a smaller coefficient of friction, thereby
allowing the ball to smoothly rotate with reduced resistance.
‘When a manipulation sensation caused by rotating the virtual
trackball 3a is to be conveyed to the user based on the above
know structure by haptic feedback, a drive waveform (ampli-
tude and frequency) is changed to intentionally vary the resis-
tance while the finger 1 is making a touch along the surface of
the display unit 103 in order that the user recognizes the
manipulation state indicating that the virtual trackball 3a is
rotating.
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[0082] Conceivable virtual changes in the resistance during
the rotation of the virtual trackball 3a include, as illustrated in
(a) and (b) of FIG. 5, a change in virtual friction 10 between
a virtual support ball 9 and the virtual trackball 3a and a
change in the resistance in the portion about the rotation axis
6, and the like. Such virtual changes in the resistance vary a
virtual tangential force 11 necessary for the user to rotate the
virtual trackball 3a with the finger 1.

[0083] In Embodiment 1, when the finger 1 makes a touch
along the touch panel 101, control is performed to decrease
the amplitude of the drive waveform of the vibration unit 102
with an increase in the path length d, between when the
rotation of the virtual trackball 3a starts and when the rotation
stops, as illustrated in (¢) of FIG. 5. Consequently, a change in
resistance from when the rotation of the virtual trackball 3a
starts through when the rotation stops is conveyed to the user.

[0084] In the example of a path touching manipulation, a
virtual change in the resistance is shown using a modulated
wave (reduction curve) whose amplitude decreases as the
path length d, increases, and is zero at the point in time when
the path length reaches a diameter of 2r. Specifically, a linear
function as indicated by, for example, Expression 6 is used for
this modulated wave as modulated wave S,, (t). It should be
noted that d, denotes a path length at time t, and r denotes a
radius of the virtual trackball 3a. The path length d is obtained
using Expression 3. Alternatively, an exponential function as
indicated by Expression 7, for example, may be used as a
modulated wave. Although a secondary function is used as an
example in Expression 7, a constant of the exponentiation can
be given in inverse proportion to the magnitude of resistance.

[Math 6]

d; Expression 6
Sal)=1-5

2r
[Math 7]

1 s Expression 7
Sm(1) = m(dr =2r)

[0085] As the first drive waveform S (t) for driving the
vibration unit 102, an amplitude modulation wave indicated
by Expression 8 can be used, which is obtained by modulating
the amplitude of the sine wave using the modulated wave
indicated by Expression 6 based on the path length d, calcu-
lated by using Expression 3.

[0086] Part (d) of FIG. 5 is an example of the first drive
waveform. This is a case where, assuming that a path start
position on the touch panel 101 is position A and a path end
position thereon is position E as illustrated in (a) of FIG. 5, the
user makes a touch along the touch panel 101 as a path
touching manipulation, by making linear motion with uni-
form acceleration, that is, acceleration a (a>0) from position
A through position C and acceleration —a from position C
through position E. The path length d, is shown by Expres-
sions 9 and 10 below, a time for reaching position C from the
path start position A is (2r/a)'’?, and a time for reaching
position E from the path start position A is 2(2r/a)"2. A
preferable frequency of a carrier wave ranges from 50 Hz to
500 Hz at which the user can feel a haptic sensation, and (d)
of FIG. 5 illustrates an example of a drive waveform at the
frequency of 100 Hz.
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[Math 8]

S(0) = S (Dsin2r fo) Expression 8

[Math 9]

4= %arz Expression 9

[Math 10]

d = —;(I—ZN/Zr/a J +2r{(V2rfa <1=2V2r]a)

Expression 10

[0087] Thevibrationunit 102 is driven according to the first
drive waveform, only when |v,l is positive as illustrated in
FIG. 4. When |v,1=0, the user is not moving his/her finger 1,
which indicates the state where the virtual trackball 3a is not
being rotated, and thus the amplitude of the drive waveform is
set to zero. Practically, it is preferable to set the amplitude of
the drive waveform to 0 if the value of Iv,| is small enough, or
in other words, the value is not strictly zero.

[0088] The vibration control unit 107 drives the vibration
unit 102 according to the first drive waveform, thereby
decreasing the amplitude as the path length increases. Thus,
in a state where the user senses that the resistance decreases
smoothly, the user can be provided with a sensation indicating
that the virtual trackball 3a is being rotated with the finger 1
thereon.

[0089] Theabove-described first drive waveform is for con-
veying the manipulation state in which the resistance
smoothly decreases by smoothly modulating the amplitude
during a time 2(2r/a)"’ used to reach position E from the path
start position A when the virtual trackball 3a is rotated 180
degrees by the user touching along the path length corre-
sponding to the diameter of the virtual trackball 3a. The
method may be a method of providing the user with a manipu-
lation sensation caused by rotating the virtual trackball 3a, by
intentionally varying, while the user is performing a rotating
manipulation, the amplitude of the drive waveform using
FIG. 6 rather than the first above-mentioned drive waveform.
The following describes this method. Parts (a) and (b) of FIG.
6 are the same as (a) and (b) of FIG. 5, respectively, and thus
a description thereof is omitted.

[0090] Part (c) of FIG. 6 presents the modulated wave in (c)
of FIG. 5 in shorter cycle. Specifically, in (¢) of FIG. 5, control
is performed such that the amplitude of a drive waveform is
zero at the path length 2r, whereas in (¢) of FIG. 6, control is
performed such that the amplitude of the drive waveform is
initialized for each path length of /2, and furthermore the
amplitude at the beginning is decreased as the path length
increases. It should be noted that “the amplitude of the drive
waveform is initialized” here means that control is performed
such that the amplitude of the drive waveform is decreased to
zero for every r/2 which is a path length, and furthermore a
new drive waveform is used for the control immediately after
the path length reaches r/2. In other words, vibration control
is repeatedly performed using a new drive waveform every
time the path length reaches r/2. Specifically, in this case, the
vibration control unit 107 performs vibration control of
repeating driving the vibration unit 102 and stopping the drive
thereof, using a drive waveform having a predetermined
amplitude and a predetermined frequency from when the user
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starts a touch manipulation on the virtual trackball 3¢ at the
touch start point through when the user ends the manipulation
at the touch end point.

[0091] Part (d) of FIG. 6 illustrates a drive waveform
obtained by modulating a 100-Hz sine wave using the modu-
lated wave in (c) of FIG. 6. Accordingly, when rotating the
virtual trackball 3a, the user senses a change in the resistance
in short cycles, which provides the user with a manipulation
sensation of not smoothly rotating the ball while the user is
rotating the virtual trackball 3a.

[0092] Inthe case of (d) of FIG. 6, the user will sense four
changes in the resistance. It is preferable to set cycles of the
modulated wave such that the resistance changes one to five
times while the user makes a touch along the diameter of the
virtual trackball 3a. For example, if a virtual trackball having
a diameter of about 50 mm is used, it is preferable to set the
cycles of the modulated wave such that the resistance changes
two to three times, in particular.

[0093] Here, although the initial amplitudes of all the
modulated waves are the same, decreasing the amplitude with
an increase in the path length can provide the user with a
manipulation sensation, which facilitates the user to recog-
nize the rotation.

[0094] Here, a preferable frequency of a carrier wave
ranges from 50 Hz to 500 Hz at which the user can feel a
haptic sensation. A preferable frequency of a carrier wave
ranges from 90 Hz to 400 Hz for providing a manipulation
sensation of rotating the sphere, in particular. Furthermore, a
preferable frequency of a carrier wave ranges from 90 Hz to
180 Hz in order to provide the user with a manipulation
sensation of smooth rotation, taking into consideration the
smoothness of connections of repeated drive waveforms as
illustrated in (d) of FIG. 6.

[0095] Parts (a) and (b) of FIG. 7 both illustrate an example
in which the user moves his/her finger 1 to rotate the virtual
trackball 3a from position B which is a path start position to
position D which is a path end position. Also in the case of
FIG. 7, it is determined in step S304 that the manipulation
state of the touch manipulation performed by the user is
manipulation state [1].

[0096] Asillustrated in (¢) of FIG. 7, the rotation is stopped
when the user makes a touch along the path length r, as with
the case of (¢) of FIG. 5. Accordingly, if the user performs a
path touching manipulation by moving his/her finger 1 from
position B to position D, the amplitude of the drive waveform
is not zero even immediately before the finger 1 stops. Thus,
the amplitude of the drive waveform is decreased to zero after
a predetermined period t, elapses from when the touch stops.
Although the shorter t,, is, the better it is, the time period may
be about 5 ms. Regarding the drive waveform at this time, it is
preferable to prevent generation of high frequency noise by
smoothly decreasing the current amplitude value to the ampli-
tude O as illustrated in (d) of FIG. 7.

[0097] Ifitis determined in step S304 that the manipulation
state of the touch manipulation performed by the user is
manipulation state [4], the user moves his/her finger from the
outside of the area where the virtual trackball 3a is displayed
to theinside of the area at Iv,I>0, and thus the vibration control
unit 107 drives the vibration unit 102 according to the first
drive waveform, as with manipulation state [1].

[0098] A description is given of the operation of the vibra-
tion control unit 107 performed when it is determined that the
state is manipulation state [2], using FIG. 8. Parts (a) and (b)
of FIG. 8 illustrate an example in which the user starts making
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atouch at position B which is a path start position, and passes
position C to position E, and thereafter stops the path touch-
ing manipulation at position F which is outside the area where
the virtual trackball 3q is displayed. Manipulation state [2]
indicates a manipulation of letting the virtual trackball 3a
keep rotating after the user moves his/her finger 1 off the
touch panel 101 when the virtual trackball 3a is being rotated,
which is different from a manipulation of rotating the virtual
trackball 3a while the user keeps touching the ball with his/
her finger 1. Thus, the vibration unit 102 is driven according
to the second drive waveform different from the waveform in
manipulation state [1].

[0099] Vibration is conveyed to the finger at the moment
when the user moves his/her finger 1 off the ball in the case of
manipulating an actual trackball. Specifically, immediately
after it is determined in step S304 that the manipulation state
of the touch manipulation performed by the user is manipu-
lation state [2] illustrated in FIG. 4, the amplitude of the drive
waveform which is decreased with an increase in the path
length along which the user makes a touch inside the area
where the virtual trackball 3a is displayed is set back to the
amplitude at the time when the path touching manipulation
starts as illustrated in (¢) of FIG. 8. As illustrated in (d) of FIG.
8, the vibration unit 102 is driven according to a drive wave-
form obtained by changing the frequency of a carrier wave to
a frequency different from that of the first drive waveform. A
preferable different frequency ranges from 300 to 400 Hz, for
example, which is higher than the frequency of the first drive
waveform and also tactilely and acoustically different there-
from. It should be noted that after determining that the
manipulation state of the touch manipulation performed by
the user is manipulation state [2], it may be determined in step
S304 that the state is manipulation state [ 7] in relation thereto.
This is a manipulation of letting the virtual trackball 3a keep
rotating even after the user moves his/her finger 1 off in
manipulation state [2], and thus in manipulation state [7]
determined after that, the finger 1 is off the touch panel 101 at
time t-At, and thereafter the user directly touches the area
where the virtual trackball is displayed with his/her finger at
time t. Specifically, the manipulation performed in this case is
to newly start a manipulation of rotating the virtual trackball
3a in the state at time t or to stop the rotating virtual trackball
34 in the state at time t.

[0100] It should be noted that if the manipulation state of
the touch manipulation performed by the user is determined
in step S304 to be manipulation state [7] illustrated in FIG. 4
and the virtual trackball 3a is rotating, the vibration unit 102
is driven according to a third drive waveform in order to
convey a manipulation sensation at the time of stopping the
rotation of the virtual trackball 3a. Burst driving may be
performed, which is, for instance, to cause the vibration unit
102 to vibrate for about 20 ms according to the third drive
wave form for which a sine wave at the same frequency as the
second drive waveform is used and which has an amplitude
decreased to such an extent that the third drive waveform can
be distinguished from the second drive waveform.

[0101] If the manipulation state of a touch manipulation
performed by the user is determined in step S304 to be one of
manipulation states [3], [5], [6], [8], and [9] illustrated in FIG.
4, the touch position 2 is not present at time t in the area where
the virtual trackball 3« is displayed. Thus, it is determined
that the user is not manipulating the virtual trackball 3a, and
consequently the vibration control unit 107 does not drive the
vibration unit 102.
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[0102] As described above, the vibration control unit 107
drives the vibration unit 102 using the first drive waveform or
the second drive waveform in the manipulation state [1] or [2]
respectively, which allows the user to recognize, by a manipu-
lation sensation through haptic feedback, whether the state is
a state where the user is rotating the virtual trackball 3a with
his/her finger 1 thereon or a manipulation of moving his/her
finger 1 off the ball to let the ball keep rotating when the ball
is being rotated is accepted. Furthermore, a manipulation
sensation caused when the user stops the rotating virtual
trackball 3a can be conveyed if necessary.

(Step S306: Control Display Data)

[0103] The display control unit 106 controls display data
displayed on the display unit 103, based on the manipulation
state determined in step S304, which is one of the states
illustrated in FIG. 4.

[0104] Ifitis determined in step S304 that the manipulation
state of a touch manipulation performed by the user is
manipulation state [1] or [4], the virtual trackball 3« is rotated
by the rotation angle 7A6=0,-6, as illustrated in FIG. 2 about
the rotation axis 6 which is a straight line passing through the
sphere center 5 and perpendicular to the rotational plane 8 at
which the manipulation image 3 crosses a plane perpendicu-
lar to the xy plane and including two touch positions 2,
namely, a touch position P, (x,, y,) obtained at time t and a
touch position P,_, (x,_;, ¥,_;) obtained at time (t-At).
[0105] The display control unit 106 keeps rotating the vir-
tual trackball 3a at the velocity Iv,| in the tangential direction
at time t if it is determined in step S304 that the manipulation
state of a touch manipulation performed by the user is
manipulation state [2]. It should be noted that the display
control unit 106 may stop this rotation if it is determined in
step S304 that the state of the touch manipulation performed
by the user is manipulation state [ 7], or alternatively, may stop
the rotation by decreasing the rotational velocity as a certain
time period elapses.

[0106] Furthermore, ifitis determined in step S304 that the
manipulation state of the touch manipulation performed by
the user is manipulation state [3], the display control unit 106
keeps rotating the virtual trackball 3a at the velocity in the
tangential direction at time t—At, similarly.

[0107] Furthermore, ifitis determined in step S304 that the
manipulation state of the touch manipulation performed by
the user is manipulation state [5], [6], [8], or [9], the display
control unit 106 determines that the user is not manipulating
the virtual trackball 3a, since the touch position 2 is not
present at time t in the area where the virtual trackball 3a is
displayed. Accordingly, the display control unit 106 does not
make a change for rotating the virtual trackball 3a.

[0108] According to the above-described configuration and
manipulation, when the user makes a touch along the touch
panel 101 with his/her finger 1 to rotate the virtual trackball
3a displayed on the display unit 103 by moving the touch
position 2, the determination unit 105 determines whether the
state is the first manipulation state in which the touch position
2 is changed within the area where the virtual trackball 3a is
displayed or the second manipulation state in which the user
moves his/her finger 1 off the touch panel 101 to let the virtual
trackball 3a keep rotating when the virtual trackball 3a is
being rotated. Then, the vibration control unit 107 causes the
vibration unit 102 to vibrate at a different drive waveform
according to the first manipulation state or the second
manipulation state.
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[0109] As aresult, the user can recognize, by a manipula-
tion sensation through haptic feed back, whether the state is a
state of rotating the virtual trackball 3@ with his/her finger 1
thereon or a manipulation of moving his/her finger 1 off the
ball to let the ball keep rotating when the ball is being rotated
is accepted.

[0110] It should be noted that in the above embodiments,
each of the constituent elements may be constituted by dedi-
cated hardware, or may be obtained by executing a software
program suitable for the constituent element. Each constitu-
ent element may be obtained by a program execution unit
such as a CPU or a processor reading and executing a software
program stored in a recording medium such as a hard disk or
semiconductor memory. Here, software which achieves the
haptic feedback device according to the above embodiments
is a program as follows.

[0111] Specifically, this program causes a computer to
execute a method, which is described below, for driving a
haptic feedback device for informing, when a user performs a
touch manipulation on a three-dimensional model of a
manipulation image displayed on a display unit, the user of a
manipulation state of the touch manipulation. The haptic
feedback device includes: a touch panel which receives a
touch manipulation performed by the user at a corresponding
position on a display surface of the display unit, and detects,
as a touch position, the corresponding position at which the
touch manipulation is received; a vibration unit configured to
vibrate the touch panel; the display unit; and a first storage
unit configured to store display data indicating the manipu-
lation image. The method for driving the haptic feedback
device, includes: (a) (i) obtaining a plurality of the touch
positions detected by the touch panel at different times, and
(i1) determining the manipulation state, based on the plurality
of obtained touch positions; (b) (i) displaying the manipula-
tion image on the display unit, and (ii) making or not making
a change for rotating the manipulation image displayed on the
display unit, depending on the manipulation state determined
in step (a); and (c¢) causing the vibration unit to vibrate based
on the manipulation state determined in step (a), wherein in
step (a), (i) the manipulation state of a touch manipulation is
determined to be a first manipulation state when a touch
position detected by the touch panel during the touch manipu-
lation on the manipulation image shifts within an area of the
display unit in which the manipulation image is displayed,
and (ii) the manipulation state of a touch manipulation is
determined to be a second manipulation state when a touch
position detected by the touch panel during the touch manipu-
lation on the manipulation image shifts out of the area of the
display unit in which the manipulation image is displayed, in
step (¢), when it is determined in step (a) that the manipulation
state is the first manipulation state, an amplitude of a first
drive waveform for vibrating the vibration unit is decreased
with an increase in a length of a shift of the touch position,
which corresponds to the change from a start to a stop, and
control is performed to cause the vibration unit to vibrate
according to the first drive waveform the amplitude of which
is decreased to zero in a predetermined time after the change
stops, and when it is determined in step (a) that the manipu-
lation state is the second manipulation state, the vibration unit
is caused to vibrate according to a second drive waveform
after the touch position has shifted out of the area in which the
manipulation image is displayed, and in step (b), when it is
determined in step (a) that the manipulation state is the first
manipulation state, the change is made to the manipulation
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image displayed on the display unit, based on a difference
between two of the plurality of touch positions, and when it is
determined in step (a) that the manipulation state is the second
manipulation state, the change is made to the manipulation
image displayed on the display unit, based on a velocity
calculated from the plurality of touch positions obtained
along the shift from inside to outside of the area in which the
manipulation image is displayed.

[0112] It should be noted that although the above is a
description of the present invention, based on the above-
described embodiment, the present invention is of course not
limited to the above-described embodiment. The following is
also included in the present invention.

[0113] (1) Specifically, each device described above may
be achieved by a computer system which includes a micro-
processor, a ROM, a RAM, a hard disk unit, a display unit, a
keyboard, a mouse, and the like. A computer program is
stored in the RAM or the hard disk unit. The operation of the
microprocessor in accordance with the computer program
allows each device to achieve its functionality. Here, the
computer program includes a combination of instruction
codes indicating instructions to a computer in order to achieve
given functionality.

[0114] (2) Some or all of constituent elements included in
each device described above may include a single system
large scale integration (LSI: large scale integrated circuit).
The system LSI is a super multi-function LSI manufactured
by integrating multiple components into one chip, and is
specifically a computer system configured so as to include a
microprocessor, a ROM, a RAM, and so on. A computer
program is stored in the RAM. The system LSI accomplishes
its functions through the load of the computer program from
the ROM to the RAM by the microprocessor and the opera-
tion of the microprocessor in accordance with the computer
program.

[0115] (3) Some or all of constituent elements included in
each device described above may include an IC card or a
single module which can be attached to or detached from the
device. The IC card or the module is a computer system which
includes a microprocessor, a ROM, a RAM, and the like. The
above super-multifunctional L.SI may be included in the IC
card or the module. The IC card or the module accomplishes
its functions through the operation of the microprocessor in
accordance with the computer program. This IC card or mod-
ule may have tamper resistant properties.

[0116] (4) The present invention may be achieved by the
methods described above. In addition, these methods may be
achieved by a computer program implemented by a computer,
or may be implemented by a digital signal which includes a
computer program.

[0117] The present invention may be achieved by a com-
puter program or a digital signal stored in a computer-read-
able recording medium such as, for example, a flexible disk,
a hard disk, CD-ROM, MO, DVD, DVD-ROM, DVD-RAM,
a blue-ray disc (BD), or a semiconductor memory. Alterna-
tively, the present invention may be achieved by a digital
signal stored in such a recording medium.

[0118] Withthe present invention, the computer program or
the digital signal may be transmitted via, for instance, data
broadcasting or a network typified by electric telecommuni-
cation lines, wireless or wired communication lines, and the
Internet.

[0119] The present invention may be a computer system
which includes a microprocessor and a memory, the memory



US 2014/0078102 Al

may have stored therein a computer program, and the micro-
processor may operate in accordance with the computer pro-
gram.

[0120] Another independent computer system may imple-
ment a program or a digital signal transported being stored in
a recording medium, or a program or a digital signal trans-
ported via a network or the like.

[0121] (5) The above embodiment and the above variation
may be combined.

[0122] Although the above is a description of the haptic
feedback device according to one or more aspects of the
present invention, based on the embodiments, the present
invention is not limited to the embodiments. Various modifi-
cations to the embodiments that may be conceived by those
skilled in the art and combinations of constituent elements in
different embodiments may be included within the scope of
one or more aspects of the present invention, without depart-
ing from the spirit of the present invention.

INDUSTRIAL APPLICABILITY

[0123] A haptic feedback device according to the present
invention can provide a user with a manipulation sensation
caused when the user rotates a spherical virtual object by
touching a touch panel, and thus is applicable to manipulation
of a device which includes a touch panel. For example, the
haptic feedback device is applicable to manipulation inter-
faces such as a tablet terminal, a game machine, a TV remote
control, a digital camera, a movie camera, a personal com-
puter, a personal digital assistant, a mobile phone, an elec-
tronic blackboard, and the display for digital signage, which
are manipulated using a touch panel.

REFERENCE SIGNS LIST

[0124] 1 Finger

[0125] 2 Touch position

[0126] 3 Manipulation image
[0127] 3a Virtual trackball
[0128] 4 Texture information
[0129] 5 Sphere center

[0130] 6 Rotation axis

[0131] 101 Touch panel

[0132] 102 Vibration unit
[0133] 103 Display unit

[0134] 104 First storage unit
[0135] 105 Determination unit
[0136] 106 Display control unit
[0137] 107 Vibration control unit

1. A haptic feedback device for informing, when a user
performs a touch manipulation on a three-dimensional model
of'a manipulation image displayed on a display unit, the user
of'a manipulation state of the touch manipulation, the haptic
feedback device comprising:

a touch panel which receives a touch manipulation per-
formed by the user at a corresponding position on a
display surface ofthe display unit, and detects, as atouch
position, the corresponding position at which the touch
manipulation is received;

a vibration unit configured to vibrate the touch panel;

the display unit;

a determination unit configured to calculate a path length
along which the user touches the touch panel, based on a
plurality of the touch positions detected by the touch
panel;
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a display control unit configured to (i) display the manipu-
lation image on the display unit, and (ii) convert the path
length into a rotation angle at which the manipulation
image is to be rotated about a predetermined reference
point, and display, on the display unit, the manipulation
image rotated by the rotation angle converted from the
path length; and

a vibration control unit configured to (i) drive, upon start-
ing rotation of the manipulation image, the vibration unit
according to a drive waveform having a predetermined
amplitude and a predetermined frequency, (ii) decrease
the amplitude of the drive waveform with an increase in
the path length, and (iii) perform control to cause the
vibration unit to vibrate according to the drive waveform
the amplitude of which is decreased to zero in a prede-
termined time after the rotation of the manipulation
image stops.

2. A haptic feedback device for informing, when a user
performs a touch manipulation on a three-dimensional model
of'a manipulation image displayed on a display unit, the user
of'a manipulation state of the touch manipulation, the haptic
feedback device comprising:

a touch panel which receives a touch manipulation per-
formed by the user at a corresponding position on a
display surface ofthe display unit, and detects, as atouch
position, the corresponding position at which the touch
manipulation is received;

a vibration unit configured to vibrate the touch panel;

the display unit;

a first storage unit configured to store display data indicat-
ing the manipulation image;

a determination unit configured to (i) obtain a plurality of
the touch positions detected by the touch panel at differ-
ent times, and (ii) determine the manipulation state,
based on the plurality of obtained touch positions;

a display control unit configured (i) to display the manipu-
lation image on the display unit, and (ii) to make or not
to make a change for rotating the manipulation image
displayed on the display unit, depending on the manipu-
lation state determined by the determination unit; and

a vibration control unit configured to cause the vibration
unit to vibrate based on the manipulation state deter-
mined by the determination unit,

wherein the determination unit is configured to (i) deter-
mine that the manipulation state of a touch manipulation
is a first manipulation state when a touch position
detected by the touch panel during the touch manipula-
tion on the manipulation image shifts within an area of
the display unit in which the manipulation image is
displayed, and (ii) determine that the manipulation state
of a touch manipulation is a second manipulation state
when atouch position detected by the touch panel during
the touch manipulation on the manipulation image shifts
out of the area of the display unit in which the manipu-
lation image is displayed,

when the determination unit determines that the manipu-
lation state is the first manipulation state, the vibration
control unit is configured to decrease an amplitude of a
first drive waveform for vibrating the vibration unit with
an increase in a length of a shift of the touch position,
which corresponds to the change from a start to a stop,
and perform control to cause the vibration unit to vibrate
according to the first drive waveform the amplitude of
which is decreased to zero in a predetermined time after
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the change stops, and when the determination unit deter-
mines that the manipulation state is the second manipu-
lation state, the vibration control unit is configured to
cause the vibration unit to vibrate according to a second
drive waveform after the touch position has shifted out
of'the area in which the manipulation image is displayed,
and

when the determination unit determines that the manipu-
lation state is the first manipulation state, the display
control unit is configured to make the change to the
manipulation image displayed on the display unit, based
on a difference between two of the plurality of touch
positions, and when the determination unit determines
that the manipulation state is the second manipulation
state, the display control unit is configured to make the
change to the manipulation image displayed on the dis-
play unit, based on a velocity calculated from the plu-
rality of touch positions obtained along the shift from
inside to outside of the area in which the manipulation
image is displayed.

3. A method for driving a haptic feedback device for
informing, when a user performs a touch manipulation on a
three-dimensional model of a manipulation image displayed
on a display unit, the user of a manipulation state of the touch
manipulation, the haptic feedback device including:

a touch panel which receives a touch manipulation per-
formed by the user at a corresponding position on a
display surface ofthe display unit, and detects, as atouch
position, the corresponding position at which the touch
manipulation is received;

a vibration unit configured to vibrate the touch panel;

the display unit; and

a first storage unit configured to store display data indicat-
ing the manipulation image,

the method for driving the haptic feedback device, com-
prising:

(a) (1) obtaining a plurality of the touch positions detected
by the touch panel at different times, and (ii) determin-
ing the manipulation state, based on the plurality of
obtained touch positions;

(b) (1) displaying the manipulation image on the display
unit, and (i1) making or not making a change for rotating
the manipulation image displayed on the display unit,
depending on the manipulation state determined in step
(a); and

(c) causing the vibration unit to vibrate based on the
manipulation state determined in step (a),

wherein in step (a), (i) the manipulation state of a touch
manipulation is determined to be a first manipulation
state when a touch position detected by the touch panel
during the touch manipulation on the manipulation
image shifts within an area of the display unit in which
the manipulation image is displayed, and (ii) the
manipulation state of a touch manipulation is deter-
mined to be a second manipulation state when a touch
position detected by the touch panel during the touch
manipulation on the manipulation image shifts out of the
area of the display unit in which the manipulation image
is displayed,

instep (¢), when it is determined in step (a) that the manipu-
lation state is the first manipulation state, an amplitude
of'a first drive waveform for vibrating the vibration unit
is decreased with an increase in a length of a shift of the
touch position, which corresponds to the change from a
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start to a stop, and control is performed to cause the
vibration unit to vibrate according to the first drive wave-
form the amplitude of which is decreased to zero in a
predetermined time after the change stops, and when it is
determined in step (a) that the manipulation state is the
second manipulation state, the vibration unit is caused to
vibrate according to a second drive waveform after the
touch position has shifted out of the area in which the
manipulation image is displayed, and

in step (b), when it is determined in step (a) that the
manipulation state is the first manipulation state, the
change is made to the manipulation image displayed on
the display unit, based on a difference between two of
the plurality of touch positions, and when it is deter-
mined in step (a) that the manipulation state is the second
manipulation state, the change is made to the manipula-
tion image displayed on the display unit, based on a
velocity calculated from the plurality of touch positions
obtained along the shift from inside to outside ofthe area
in which the manipulation image is displayed.

4. A non-transitory computer-readable recording medium
having stored therein a haptic feedback device drive program
for causing a computer to execute the method according to
claim 3.

5. A haptic feedback device for informing, when a user
performs a touch manipulation on a three-dimensional model
of'a manipulation image displayed on a display unit, the user
of'a manipulation state of the touch manipulation, the haptic
feedback device comprising:

a touch panel which receives a touch manipulation per-
formed by the user at a corresponding position on a
display surface ofthe display unit, and detects, as atouch
position, the corresponding position at which the touch
manipulation is received;

a vibration unit configured to vibrate the touch panel;

the display unit;

a determination unit configured to (i) determine that the
manipulation state of a touch manipulation is a first
manipulation state when a touch position detected by the
touch panel during the touch manipulation on the
manipulation image shifts within an area of the display
unit in which the manipulation image is displayed, and
(i1) determine that the manipulation state of a touch
manipulation is a second manipulation state when a
touch position detected by the touch panel during the
touch manipulation on the manipulation image shifts out
of the area of the display unit in which the manipulation
image is displayed;

a display control unit configured to (i) display the manipu-
lation image to be manipulated by the touch manipula-
tion, on part of the display unit, and (ii) rotate the
manipulation image, based on a length between two of a
plurality of the touch positions and a direction defined
by the two touch positions, and display the rotated
manipulation image; and

a vibration control unit configured to control vibration of
the vibration unit to vibrate the touch panel according to
drive waveforms having different amplitudes and differ-
ent frequencies, according to the first manipulation state
and the second manipulation state.

6. The haptic feedback device according to claim 5,

wherein when the determination unit determines that the
manipulation state is the first manipulation state, the
vibration control unit is configured to decrease an ampli-
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tude of a first drive waveform for vibrating the vibration
unit with an increase in a length of a shift in the touch
position detected during the touch manipulation the
manipulation state of which is determined to be the first
manipulation state, and perform control to cause the
vibration unit to vibrate according to the first drive wave-
form the amplitude of which is decreased to zero at a
position where the touch manipulation ends, and when
the determination unit determines that the manipulation
state is the second manipulation state, the vibration con-
trol unit is configured to cause the vibration unit to
vibrate according to a second drive waveform after the
touch position has shifted out of the area in which the
manipulation image is displayed, and

when the determination unit determines that the manipu-
lation state is the first manipulation state, the display
control unit is configured to make the change to the
manipulation image displayed on the display unit, based
on a difference between two of the plurality of touch
positions, and when the determination unit determines
that the manipulation state is the second manipulation
state, the display control unit is configured to make the
change to the manipulation image displayed on the dis-
play unit, based on a velocity calculated from the plu-
rality of touch positions obtained along the shift from
inside to outside of the area in which the manipulation
image is displayed.

7. A haptic feedback device for informing, when a user
performs a touch manipulation on a three-dimensional model
of'a manipulation image displayed on a display unit, the user
of'a manipulation state of the touch manipulation, the haptic
feedback device comprising:

a touch panel which receives a touch manipulation per-
formed by the user at a corresponding position on a
display surface ofthe display unit, and detects, as atouch
position, the corresponding position at which the touch
manipulation is received;

the display unit;

a display control unit configured to (i) display the manipu-
lation image on the display unit, and (ii) display the
manipulation image rotated based on a length between
two of a plurality of the touch positions detected by the
touch panel and a direction defined by the two touch
positions;

a vibration unit configured to vibrate the touch panel;
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a determination unit configured to calculate a path length
along which the user touches the touch-panel, based on
chronological information of the plurality of touch posi-
tions; and

a vibration control unit configured to (i) drive the vibration
unit according to a drive waveform having a predeter-
mined amplitude and a predetermined frequency at a
touch start point in the touch manipulation on the
manipulation image, (ii) decrease the amplitude of the
drive waveform with an increase in the path length, and
(iii) perform control to cause the vibration unit to vibrate
according to the drive waveform the amplitude of which
is decreased to zero when a predetermined time elapses
after the user touches a touch end point of the plurality of
touch positions at which the touch manipulation is per-
formed on the manipulation image.

8. A haptic feedback device for informing, when a user
performs a touch manipulation on a three-dimensional model
of'a manipulation image displayed on a display unit, the user
of'a manipulation state of the touch manipulation, the haptic
feedback device comprising:

a touch panel which receives a touch manipulation per-
formed by the user at a corresponding position on a
display surface ofthe display unit, and detects, as atouch
position, the corresponding position at which the touch
manipulation is received;

the display unit;

a display control unit configured to (i) display the manipu-
lation image on the display unit, and (ii) display the
manipulation image rotated based on a length between
two of a plurality of the touch positions and a direction
defined by the two touch positions;

a vibration unit configured to vibrate the touch panel;

a determination unit configured to calculate a path length
along which the user touches the touch-panel, based on
chronological information of the plurality of touch posi-
tions; and

a vibration control unit configured to perform vibration
control to repeatedly drive the vibration unit according
to a drive waveform having a predetermined amplitude
and a predetermined frequency and stop driving the
vibration unit, from when the user starts the touch
manipulation on the manipulation image at a touch start
point through when the user ends the touch manipulation
at a touch end point.
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